Abstract
Introduction
Diabetes mellitus (DM) is a rapidly growing public health problem that affects millions of people worldwide, leading to disastrous consequences. DM is responsible for three quarters of morbidity and 88% of mortality, mostly in developing countries. 1, 2 In Palestine, the prevalence of DM reached 9% of the general population in which type 2 DM (T2DM) is the most prevalent type (>87% of cases). 3 Routine data gathered by the United Nations for Relief and Working Agency (UNRWA) showed the prevalence as 10.5% and 11.8% among registered Palestinian refugees in the West Bank and Gaza Strip, respectively. 4 It is projected to reach 20.8% and 23.4% in 2020 and 2030, respectively. 5 The Palestinian healthcare system had shown a significant improvement after the Oslo agreement and establishment of the Palestinian National Authority. However, the continuous threat posed by the political situation, the blockade around the Gaza Strip, which has been in place since 2006, and the political divide between the West Bank and the Gaza Strip posed challenges to unity of the Palestinian healthcare system by altering the health services delivered to the Gazan population. The Palestinian healthcare system is mainly a public health system and services are offered by many providers. The Ministry of Health (MoH) is the main player that provides both primary, secondary and some tertiary health services and is the stewardship body for health improvement.
The United Nations for Relief and Working Agency (UNRWA) is the second largest provider of healthcare and offers free of charge, preventive, primary and community health services to registered Palestinian refugees in the eight refugee camps that represent 67.5% of the Gazan population. Nongovernmental organizations in the Gaza Strip provide almost the same range of MoH primary healthcare services, except immunization.
Diabetes management and follow up is provided in the primary health centers (PHCs). The PHCs belong to MoH and are divided into four levels, based on the capacity building of PHCs. The level IV PHC provides extensive lab services, X-ray services, dental care and consultation from specialized physicians.
Diabetes control is not restricted to taking medications. It comprises practices and a comprehensive management approach to prevent or delay possible complications. 6 These practices are: selfmonitoring of blood glucose, dietary management, ophthalmic follow up, foot care and biochemical monitoring of renal function tests. 7 Poor glycemic control is significantly associated with clinical complications, 8 and is triggered by factors including, but not limited to, age, dietary habits, exercise behavior, body mass index (BMI), duration of DM, adherence to prescribed medications and knowledge of the glycosylated hemoglobin (HbA1c) target. 9 Many old studies have shown the strong correlation between good glycemic control and reduction in the risk of T2DM-related complications, 10, 11 in which 1% reduction in the HbA1c results in a 35% reduction in the risk of microvascular complications and 25% reduction in diabetes-related mortality. 11 Optimal HbA1c control is suggested to be <7% 12 or <6.5%. 13 Despite this fact, the majority of patients with DM still have poor glycemic control 14, 15 and several international studies were conducted to identify the influencing factors. [16] [17] [18] [19] [20] These factors are not alike, from one population to another due to cultural, educational, religious and economic variations. High adherence to prescribed medications was significantly a strong predictor for good glycemic control. [21] [22] [23] [24] [25] [26] Moreover, duration of DM showed a significant association with better HbA1c status. 24, 27, 28 Age and sex have demonstrated contradicting associations. Age < 65 years was an important factor for good glycemic control, 29 whereas it was not, in other studies. 24, 25, 28 Female sex was shown to be a predictor for a good glycemic control, 28 while Kautzky-Willer and colleagues, 30 and Kamuhabwa and Charles 25 found men have significantly greater HbA1c reduction than women. Other influencing factors are family support, good physician-patient relationship, 15, 26 knowledge about diabetes, 31 educational level 21 and mono-or multitherapy. 21, 25 Adherence to antidiabetes therapies is a key element in the quality of diabetes management. It is often suboptimal, 32 but remains vague regarding prediction of glycemic control among T2DM. 33 Previous studies supported the relationship between adherence to antidiabetes medications and HbA1c level. 34, 35 In contrast, finding from Blonde and colleagues 36 did not support this association.
Studies on glycemic control and its association with medication adherence among T2DM in Palestine are lacking. Therefore, we conducted this study among primary care patients with T2DM in the Gaza Strip to: (a) assess the level of good glycemic control; (b) determine the association between adherence to diabetes medications and HbA1c; and (c) examine factors influencing good glycemic control.
Materials and methods

Study design
This was a cross-sectional design employed among T2DM patients seeking care in the PHCs.
Ethical consideration
This study was approved by the Palestinian Ethical Committee (No: PHRC/HC/118/16). Permission was also obtained from the Palestinian MoH for conducting the study in its PHCs. A consent form was signed by the patients and providing a confirmation that the study is voluntary based, and rights are preserved if withdrawals occur. The consent form also contained a statement of agreement by the patients themselves to collect a 3 ml sample of blood for establishing HbA1c status. The study was conducted from October to December 2016.
Study setting, sample and sampling
Patients with T2DM who had the willingness to be involved in the study, give patient-signed informed consent, were under antidiabetes treatment ⩾ 6 months, aged ⩾ 26 years and were on regular follow up for at least three visits were eligible for the study. Patients with mental diseases, pregnant women and gestational diabetes were excluded. Nine level IV PHCs belonging to MoH, serve 6486 T2DM patients, are distributed across four Gaza Strip governorates. One PHC had been randomly selected (cluster sample) to ensure equal representativeness of the sample. They were the Jabalia Health Center, Al Rimal Health Center, Dier Al Balah Health Center and Khan Younis Health Center located in the north, Gaza, middle zone and south governorate, respectively.
We used the traditional formula to calculate the sample size:
, in which p = 10%,5 d = margin error 5%. The sample size was 338 plus 10% nonresponse rate, giving a total sample size equal to 371. A proportionate systematic sampling was followed to select T2DM patients and the kth interval was 17.
Measures
(1) Data were collected by three health professionals who received one-day training on understanding questionnaire content, verbal communication and facial expressions. At the end of the training day, data collectors provided an actual demonstration of data collection using a face-to-face interviewed approach. A pilot study was performed among an eligible group of 15 T2DM patients in the Al Rimal Health Center. Internal consistency of the whole questionnaire measured with Cronbach's alpha coefficient was >0.83. (2) Medication adherence: Adherence to medications was measured using the selfreport Morisky Medication Adherence Scale (MMAS-4). It comprises four questions measured with answers 'Yes' or 'No' and the score is ranged from 0 to 4. Because questions are negatively worded, a score of 4 reflects poor adherence and a score of 0 reflects a high adherence. This tool has shown a strongly predictive and concurrent validity, and internal consistency. 37 The questionnaire was translated into Arabic and internal consistency was examined through Cronbach's coefficient alpha, which equalled 0. 
Data analysis
During the data entry phase, data were checked for errors and outliers. Descriptive analysis was used, with means (standard deviations) and frequencies (percentages) for continuous and categorical variables, respectively. Bivariate analysis of independent variables with glycemic control (good versus poor) was applied and the crude odds ratio (OR) [95% confidence interval (CI)] was used to determine the association between independent variables and the dependent variable (glycemic control). Independent variables with p value ⩽ 0.25 were selected for multiple logistic regression to determine independent factors associated with good glycemic control. Analyses were conducted using the Statistical Package for Social Sciences (IBM Corp, Armonk, NY, USA) version 22.
Results
Patients' baseline and clinical characteristics are shown in Table 1 . Mean [± standard deviation (SD)] age and mean (±SD) duration of DM was 56.38 (10.36) and 10.48 (8.12), respectively. A total of 55.8% (206) were females and 13% (48) had previous history of hospitalization due to DM. One third (126) were aged more than 61 years and 97 (26.3%) were under 50 years, and more than half (54.3%) had DM for 7 years and more. A total of 200 (54.2%) reported having complications including hypertension (13.6%), diabetic nephropathy (36%), diabetic retinopathy (3.5%), and cardiac problems (7.6%).
Glycosylated hemoglobin
Mean (±SD) of HbA1c was 8.97 (2.02) and 19.5% had HbA1c ⩽7%. HbA1c values are shown in Figure 1 . Unadjusted mean HbA1c for patients with MMAS-4 scores of 0, 1, 2, and 3 are shown in Figure 2 . The more that patients adhere to medications (MMAS-4 = 0), the lower the mean HbA1c compared with another group with an MMAS-4 score of 1, 2 or 3, but the mean HbA1c remained above average (mean ± SD of HbA1c for MMAS-4 score 0 was 8.8 ± 2.0). Mean HbA1c (±SD) for patients receiving Oral Hypoglycemic Agents (OHA), insulin, and on both regimens, was 8.8 (2.1), 9.4 (1.8), and 9.1 (1.7), respectively. Statistical significance was shown between DM patients with and without previous medical complications (p < 0.05).
Adherence to medications
Out of the 369 participants, 58% (214) reported having high adherence (MMAS-4 = 0), 39.6% (146) and 2.4% (9) reported to have medium and low adherence, respectively (MMAS-4 = 1-2 and ⩾3, respectively). Correlation between HbA1c and MMAS-4 was moderately positive (r = 0.496, p < 0.05).
Bivariate associations
Patients were divided into two groups: good glycemic control (⩽7%) and poor glycemic control (>7%). Using the univariate analysis of independent variables, six independent factors were chosen for logistic regression (p ⩽ 0. 
Discussion
The ultimate outcome of diabetes management is to achieve glycemic control and to prevent or delay complications related to diabetes. In this study, we assessed the glycemic status, determined by HbA1c, and factors associated with good glycemic control among patients with T2DM. Almost one fifth of patients were shown to have good glycemic control, which is consistent with previous reported studies from Africa, 21, 25 Australia, 30 Asia, 33 America 18, 26 and Arab countries. 15, 28 However, this prevalence is far lower than findings of Ali and colleagues, 40 who reported 86.1%. The variations could be attributed to the presence or absence of a collection of practices that are necessary for the management of diabetes and are not only restricted to medications. The practices include self-management of diabetes, exercise behavior, dietary habits, knowledge, and awareness about the disease, uniform guidelines and not lastly, adherence to antidiabetes regimens. 41 High adherence to antidiabetic medications was suboptimal (58%), which was previously documented among T2DM from Ethiopia, 21 America, 23, 31 Tanzania, 25 India 42 and Palestine. 43 The Morisky score was associated with HbA1c values. The more adherence to antidiabetic therapies, the better the HbA1c values, but the mean HbA1c value was above 7%, similar to findings of Al-Halaweh and colleagues. 44 Reasons for poor glycemic control are difficult to identify. They could be attributed to lack of comprehensiveness of diabetes management which comprises a set of practices including, but not limited to, continuous glucose monitoring, dietary habits, physical exercise and awareness about DM, and also could be due to the disease process itself, as well as attitudes of physicians and patients. Patients themselves used to shop among endocrinologists and received different protocols for diabetes management. Moreover, the poverty status imposed by the current strict siege and bad economic status push this vulnerable group to prioritize medicines as a second choice after maintaining family life. Treatments are sometimes not available in PHCs after the middle of the month, so patients do not take the treatments unless purchased from pharmacies. Recent studies from Gaza revealed that adherence, of physicians and nurses in the PHCs, to Palestinian clinical practice guideline for DM is suboptimal (51.5%), 45 and physicians and nurses perceive less trust-worth toward the guideline because of its poor quality compared with other international guidelines. 46 So, glycemic control is not just by taking medications. High adherence (MMAS-4 score = 0) was significantly associated with 10% reduction in the HbA1c value, which is in line with findings of Krapek and his colleagues. 23 This finding has practical and clinical implications in terms of preventing early microvascular complications associated with T2DM and therefore reduces healthcare-related costs. A previous study revealed that 1% reduction in HbA1c resulted in 35% reduction in the risk of complications from T2DM. 11 In this study, 3.5% of patients reported having diabetic retinopathy, while we believe in reality, it is much higher because the estimation was based on self-report method. Microvascular complications of T2DM among Palestinians in the West Bank were 25.9%. 44 We recommend further studies to determine the prevalence of diabetic complications among T2DM patients. Several studies showed no association between adherence and HbA1c. The prospective study conducted by Wooldridge and colleagues 47 among 189 patients showed improvement in the metabolic control of intensive individual education, but no association was documented with selfreported adherence to antidiabetes medications. The MMAS-4 does not consider other factors influencing the metabolic control, including lifestyle factors (dietary habits and exercise), but it provides a meaningful information on use of drugs, which is a significant factor in diabetes management.
An inverse relationship was observed between age and HbA1c (p = 0.05); the higher the age, the more likely the HbA1c is controlled, similar to other studies. 28, 48 This could be attributed to 'development effect', in which glycemic control improves as cohorts mature by age. In fact, this is in contrast to a former concept that the glycemic control (HbA1c level) worsens with time. Other studies opposed our findings. 25, 49 The variation of the relationship between poor glycemic control and age could be due to dissimilarities of the studied population and age distribution in various studies. We recommend a prospective and a longitudinal study to explore the real relationship between age and glycemic control that gives clearer insight than the current cross-sectional study.
Poor glycemic control was significantly associated with duration of DM. This is congruent with other reported studies. 18, 20 A possible explanation, as given by Sampson and colleagues, 50 is that the amount of carbohydrate attached to the HbA1c increases with increasing duration of DM. Also, DM is known as a progressive disease and insulin resistance increases with time due to progressive impairment of insulin secretion from beta cells. 11 Health literacy is used to measure patients' ability to comprehend, read and act on instructions given in the healthcare center. So, patients are able to understand elementary health information that helps them for a better decision on their health. Better health literacy was significantly associated with good glycemic control. This is consistent with findings obtained from Cavanaugh and colleagues. 51 Successful glycemic control requires patients to know how to monitor and manage symptoms, carry out medical treatments on a daily basis, and self-monitoring of disease progression. Therefore, inadequate health literacy hampers these practices, leading to improper diabetes management and early occurrence of complications, including, but not limited to, kidney disease and neurological disorders. 52 Females are more likely to have better glycemic control than males. Although this estimate did not reach statistical significance, it was in line with the 25 that revealed women failed to achieve the targeted HbA1c in comparison with male counterparts. HbA1c differences in sex could not be explained by dissimilarities in body composition and therefore, there is a need for further investigation to examine sexrelated distinction in efficacy/treatment response.
This study was strengthened by the tremendous response rate; therefore, generalization could possibly be applied to all T2DM patients seeking care in the PHCs. It also has some noteworthy limitations. First, there are other factors influencing glycemic control that were not examined in this study. These factors are dietary habits, physical activity index, patient education, and dieticians' instructions. Second, adherence was measured by a self-report method and that was based on patients' recall of their habits and medication-taking practices, and overestimation could occur. The direct method, counting pills, is a better way to estimate adherence to medications, but unfortunately, we couldn't use it due to dual benefit of DM patients from MoH and UNRWA health services. Third, the nature of a cross-sectional design does not prove the causality.
Conclusion
Findings of this study indicate that diabetes management and glycemic control is a formidable challenge to the Palestinian healthcare system.
The majority of participating patients in the Gaza Strip had poor glycemic control; and short duration of the disease, better health literacy, old age and high adherence to medications were significantly associated with the good glycemic control. Knowledge of these factors could be a start toward helping patients and targeting interventions to improve glycemic control and prevent diabetesrelated complications. Poor glycemic control in Palestine indicates a need for more research and improvement, and highlights the need to review the existing guidelines and develop an awareness program around issues related to diabetes care. in the Gaza strip). We are grateful to head nurses of the selected PHCs who had supported and facilitated this work. Dr Aymen Elsous is the guarantor and has full access to all the data, and takes responsibility for the integrity and the accuracy of the data analysis.
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